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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Metric English 
Symbol 
Unit Symbol Unit Symbol 
Length ______ _ 
Tirne ________ _ 
Force __ _____ _ 
l 
t 
F 
meter _________________ _ 
second _____________ ___ _ 
weight of one kilogram ___ _ 
m 
s 
kg 
foot (or mile) ____ _____ ft. (or mi.) 
second (or bour)_______ sec. (or hr.) 
II'eight of one pound___ _ lb. 
PoweL___ ____ P kg/m/s __________ ____ __ ___________ horsepower __________ _ 
S d {km/h___________ _______ k. p. h. mi./hL _____________ _ 
pee - - ------ -- - - - ----- m/s____________________ m. p. s. ft./sec. ______________ _ 
2. GENERAL SYMBOLS, ETC. 
hp. 
m. p. h. 
f. p. s. 
W, Weight=mg 
g, Standard acceleration of gravity = 9.80665 
m/s2 =32.1740 ft./sec.2 
mk2, Moment of 
radius of 
script). 
inertia (indicate axis of the 
gyration k, by proper sub-
. 
m, Mass = W g 
s, 
Sw, 
G, 
b, 
C, 
b2 
Al·ea. 
Wing area, etc .. 
Gap. p, Density (mass per unit volume). 
• Standard density of dry air, 0.12497 (kg-m-4 
:32) at 15° C. and 760 mm = 0.002378 
(lb.-ft .-4 sec.2). 
Span. 
Chord. 
S' Aspect ratio. Specific weight of "standard" air, 1.2255 
kg/m3=0.07651Ib./ft.3. p., Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. Q, Resultunt moment. 
Dynamic (or impact) pressure = ~ P V2. nVz Resultant angular velocity. 
p-, Reynolds umber, where 
Lift, absolute coefficient OL=:S p. dimension. 
q, 
L, 
IS a linear 
O De. g., for a model airfoil 3 in. ehord, 100 D, Drag, absolute coefficient D= oS 
:t. mi./hr. normal pressure, a.t 15° C ., the 
0, 
R, 
ProfiJe drag, absolute coefficient ODo = ~S· corresponding number is 234,000; 
Of. or for a model of 10 em chord 40 mis, 
Induced drag, absolute coefficient OD!= DqS! the corresponding number is 274,000. 
Op, Center of pressure coefficient (ratio of 
Parasite drag, absolute coefficient OD
p 
= DqSp distance of c. p. from leading edge to 
chord length). 
Cross-wind force, absolute coefficient a, Angle of attack. 
0. 0 ~, Angle of downwash. 
c= qS a., Angle of attack, infinite aspect ratio . 
Resultant force. a!, Angle of attack, induced. 
t"" Angle of setting of wings (relative to aa, }..ngle of attack, absolute. 
thrust line) . (Measured from zero lift position.) 
Angle of stabilizer s tting (relative to "I Flight path angle. 
thrust line). 
) 
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MANEUVERABILITY INVESTIGATION OF AN "03U-l" OBSERVATION AIRPLANE 
By F. L. THOMPSON and H. W. KIRSCHBAUM 
SUMMARY 
This report present the re ult obtained in maneu-
verability tests conducted by the National Advisory Com-
mittee jor Aeronautics with an "03U-l" observation 
ail'plane. This investigation is the third in a series oj 
similar investigations requested by the Bureau oj Aero-
nautics, Navy Department, jOl' the purpose oj comparing 
the maneuverability oj dijJerent airplane types and to 
provide quantitative data j or use in establishing a criterion 
or methodjor rating the maneuverability oj any airplane. 
The two jormer investigations were conducted with the 
jightel' types designated" F6C-3" and" F6C-4" and have 
been reported previously. . 
Measurements oj the air speed, the angular velocity, 
the linear acceleration, and the positions oj the controls 
were made during abrupt single-control maneuvers with 
three stop positions jor each control, during steady hori-
zontal tU1'nS jor the determination oj minimum radius, 
and during 1800 tU1'nS by variou methods. Flight-path 
coordinate in two dimensions were determined jor the 
1800 turns by means oj a pecial camera obscura designed 
for the previous investigation oj the " F6C-4" airplane. 
All maneuvers were peljormed at an altitude oj appro'.L'i-
mately 3,000 jeet. 
The results oj the abrupt single-control maneuvers are 
presented by curves showing the variation oj the measured 
quantities with respect to air speed and control movement. 
The results oj the 1800 turns are shown by time histories oj 
the measured quantities jor one maneuver oj each type and 
by a table giving principaljlight-path dimensions, altitude 
change, speed change, time required jOl' completion, and 
maximum values oj recorded quantities jor all tU1'nS. The 
minimum radiu oj tU1'njor steady horizontaljlight at an 
altitude oj 3,000 jeet was jound to be 322 j eet at 74 mile 
per hour as compared with 155 j eet at 76 miles per hour 
and 135 jeet at 62 miles per hour jor the "F6 -3" 
and" F6C-4 II airplanes, respectively. 
INTROD UCTION 
A series of three investigation of the maneuvera-
bility of military airplanes has been conducted by the 
National Advi ory Committee for Aeronautics at the 
reque t of the Bureau of Aeronautic, J avy Depart-
ment. The 1'e ult of the fir t two of these investiga-
tions pertain to the single-seat fighter airplanes, 
F6C-3 and F6C-4, and are given in references 1 and 2. 
The result of the third inve tigation, which was con-
ducted on an 0 3 U-l observation airplane, are pro ented 
herein. These investigations have been made for the 
purpo e of obtaining data that will facilitate the rating 
of military airplanes according to their maneuvering 
qualities . 
The general procedure followed in thi inve tigation 
was similar to that used in the two previous ones. 
M aneuvers were cho en 0 a to how a well a pos-
ible the separate and combined effectivene of various 
element that influence the ability of the airplane to 
maneuver. The maneuver cho en can be divided 
into three principal group: Abrupt single-control 
maneuver, 1 00 turn by variou method, and teady 
horizontal turn for the determination of minimum 
radiu of turn. Recording instrument within the 
airplane were u ed to determine air peed, linear ac-
celeration, anO'ular velocity, and position of control, 
Angular acceleration were deduced from angular-
velocity record. A camera ob cum on the grolmd 
was u d to record flight path during 1 00 turn . 
Yariou item pertaining to the performance of the 
airplane were determined in a eries of preliminary 
te t . 
The te t with this airplane complete the contem-
plated series of inve tigations. The data obtained 
from the complete erie of tests are now being tudied 
for the purpose of developing a sati factory criterion 
or method of rating airplane according to their ability 
to maneuver. Thi tudy has not been completed and 
will be reported at a later date. 
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APPARATUS A D METHODS 
APPARATUS 
In this investigation tests were made on an 03U-l 
airplane (fig. 1) equipped with a 450-hp. air-cooled 
engine. The principal specification pertaining to the 
dimensions and arrangement of thi airplane are shown 
in the appendix. The gross weight for the test was 
The recording instruments in the airplane consisted 
of a control-position recorder (reference 3), three 
angular-velocity recorders (reference 4), a 3-componen t 
accelerometer (reference 5), an inclinometer, and a per-
formance recorder containing an air-speed unit 
(reference 6) and an aneroid unit. All these instru-
ments give continuous photographic records. An 
FIGURE I.- The 03U· / airplane. 
4,055 pound and the center of gravity was located 
16.54 inches back of the leading edge of the lower wing. 
This weight and center-of-gravity location correspond 
20 I 
/ 
I 
/ 
I  
V 
1/ 
i/ 
o 5 10 /5 
Down ailer on, degree$ 
F IG U RE 2.- Differential aileron action on 03U-/ airplane. 
to the conditions specified for the normal full load. 
The ailerons on this airplane have a differential move-
ment as shown in figure 2. 
electrically driven timer was used in conj unction with 
these instruments to synchronize the records. 
The accelerometer was located in the rear cockpit as 
near to the center of gravity as possible. The control-
position recorder was connected to the three control in 
the front cockpit. The air-speed recorder wa con-
nected to the swiveling pitot-static head mounted on a 
boom extending forward 1.1 chord lengths from the 
upper wing (fig. 1) to eliminate the errors caused 
by interference. A liquid-in-glass thermometer was 
mounted on the interplane wires to permit observation 
of air temperatUTes during flight. 
As previously mentioned, a camera obscura was used 
to record flight paths dUTing 1800 tUTns. This appara-
tus and its accessories are described and illu trated in 
reference 2. 
A system of one-way radiotelephone communication 
from the ground to the airplane was used in conjunction 
with the camera obscura to coordinate flight and ground 
operations. The microphone was located near the 
camera for use by a ground observer. An aircraft 
radio receiver designated " Type BC-SA-167" by the 
I 
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Signal Corps, United States Army, was installed in the 
airplane. 
METHOD 
Preliminary tests.- Preliminary tests were made 
with the airplane in the full-scale wind tunnel and in 
flight. The data obtained in these tests served several 
purposes but particularly pennitted the calculation of 
the minimum radius of turn. In the wind-tunnel tests 
the propeller-thrust curve was determined with the 
airplane at 0 0 angle of attack. In the flight tests 
several level runs and full-throttle climbs were made 
from which numerous data were obtained. A calibra-
tion of the swiveling air-speed head was determined by 
obtaining simultaneous records of the air speed 
indicated by this head and that indicated by another 
head suspended 60 feet below the airplane. The angle 
of attack for the level runs was obtained from record 
of the attitude of the airplane. The air temperature 
and engine speed were noted and the barometric 
pressure of the air recorded so that the true air speed 
and thrust horsepower could be computed. The level 
runs were made at an air density corresponding 
approximately to a standard altitude of 3,000 feet 
(p/Po = 0.915) and the climb data were obtained at 
about the same density. An additional item obtained 
during the preliminary tests was the stabilizer position 
required for balance with zero stick force at each speed, 
hence at each angle of attack. 
From the wind-tunnel and flight data, lift and dng 
characteristics for the power-on condition and curves 
of horsepower required and horsepower available at a 
standard altitude of 3,000 feet were computed. When 
making the e computations it was as umed that thc 
thrust was directed along the thrust axis and tha t the 
thrust coefficients were not influenced by the angle of 
attack. The computations involved in determining 
the de ired quantities are as follows: 
For level flight 
aL 2(W-Tsin aT) pSV2 
and 
aD = 2T cos aT pSV2 
where W is the weight of the airplane 
T = CT pn2D4 is the effective thrust 
(1 ) 
(2) 
aT is the angle of attack of the thrust line, and 
the other symbols have their usual significance. For a 
given flight condition the thrust coefficient aT was 
found from the observed V /nD and the thrust curve 
obtained from the wind tunnel. 
Although all the preliminary flights were made at 
approximately the same air density, there was suffi-
cient variation in the te t conditions to influence 
nppreciably the calculated values of horsepower re-
quired and horsepower available. Consequently, the 
procedure followed in finding the horsepower curves 
for the altitude of 3,000 feet entailed corrections neces-
sary to reduce observed results to the common altitude. 
T he forms of expressions used in finding horsepower 
were : 
drag x V . 
hp.reQd= 550 Clevel1light) cos aT (3) 
and 
TV . hP·avall = 550 (full-throttle clImbs) (4) 
The flight data for the level runs give the lift and 
drag coefficients and angle of attack for a given veloc-
ityat the air density of the flight. The lift coefficient 
required for flight at the same velocity and at the 
desired standard density was found from the relation 
a I = a £ (the prime refers to the value at the re- (5) 
L L p' quired standard altitude) 
and the corresponding angle of attack wa found from 
the lift-coefficient curve. The drag coefficient cor-
responding to this required angle of attack was then 
found and the horsepower required calculated by 
means of the expres ion 
_ aD l p' V 3 
hP'reQd - 1 100 I ) co aT (6) 
The correction to thrust hoI' epower available were 
made in accordance with the average variations with 
altitude given by Diehl in reference 7. 
Principal tests.- The flight program of the principal 
tests included single-control maneuvers requiring the 
abrupt u e of elevator, ailerons, and rudder; 1800 
turns in vertical and horizontal planes; some pecial 
slow rolls; and steady horizontal turns for the deter-
mination of minimum radius of turn. The tests were 
performed in an air density corresponding approxi-
mately to that at a standard altitude of 3,000 feet and, 
in general, were started from steady level flight at 
various speeds with the stabilizer adjusted for zero 
stick force. As the procedure during the te ts was 
essentially the same as that de cribed in references 1 
and 2, it will be de cribed very briefly herein. 
The single-control maneuvers, except those involv-
ing the aileron, were made at various indicated air 
peeds up to the maximum level-flight indicated air 
speed of 124 miles per hour. A limit of 97 miles per 
hour was placed on the speed for abrupt aileron maneu-
vers to prevent undue stre s of the airplane. The 
ingle control involved in each te t wa moved as 
quickly as pos ible and great care wa taken to prevent 
the movement of any other control during the initial 
stage of the subsequent motion. Tests were made 
with the normal full movement and with two inter-
mediate stop positions for each control, corresponding 
roughly to one half and three fourth of the full 
movement. The conLrol movements were as follows: 
Elevator up 30.3 0 ,22.60 , and 18.00 ; left aileron down 
13.0 0 , 10.40 , and 6.4 0 ; rudder right 27.00 , 19.50 , and 
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13.9°. A test for each condition was performed by 
each of two pilots. 
The various type of 1 0° turn are clas ified as 
wing-over, horizontal turn, half aileron roll- half 
loop, half kick roll- half loop, and Immelman turn . 
The maneuvers were performed in the field of the 
camera obscura so that the fligh t paths could be 
recorded. Wb en it was possible to do so, the maneu-
vers were started from various speeds up to the maxi-
mum indicated air speed of 124 mile per hour. For 
the Imrnelman turn the starting speed was raised to 
132 miles per hour by diving slightly at the start. 
Several special slow rolls were made in which the pilot 
attempted to produce rotation solely about the X axi . 
After many attempts the de ired motion wa approx-
imately attained. The steady horizontal turn used 
to determine the minimum radius of turn were started 
with fu ll throttle and gradually tigb tened up until the 
desired air peed wa attained without chano-ing the 
throttle. Records were taken after steady conditions 
were attained at this air speed. This procedure was 
repeated for everal speeds in the lower part of the 
normal speed range. In each case the stabilizer was 
set for high- peed level-flight balance. 
Values of control position, angular velocity, and 
linear accelerations were obtained directly from the 
instrument record. Angular accelerations were 
derived from the recorded angular velocity by graphical 
differentiation. True air speed was derived from the 
air- peed records, barometric-pres ure record, and 
observed temperature. Flight paths for the 1 0° 
turns were determined from the camera-obscura 
records in accordance with the m thod de cribed in 
reference 2. 
P RECISION 
Lag in the angular-velocity recorder influenced the 
records obtained by these instrument con iderably in 
the abrupt single-con trol maneuver. Lag te t were 
made with these in trumen ts and the re ults were used 
in applying correction to the f1igb t data. The 
validity of the corrections i not entirely a ured, 
howe er, 0 that the angular accelerations obtained 
from the flight record are not regarded a ati factorily 
preci e except as regard their u e in indicating 
imilarity or difference in the manner in which the 
controls were applied by the two pilots in the abrupt 
single-control maneuver. The preci ion of the vari-
ous mea urement is e timated to lie within the foll ow-
ing limits : 
Linear acceleration , 
Air speed, 
Control position, 
Angular veloci ties, 
± 0.05 9 
. ± 2 percent 
± 1° 
± 2 percent for fairly 
steady motion 
Angul ar velociti c , ± 7 P rcent for maximum 
value in abrupt 
maneuvers 
Flight-path dimension, ± 4 per cent 
RESULTS 
P RELIMINARY TESTS 
The re ul t of the preliminary tests are shown in 
figures 3 to 7, inclusive. The variations of tabilizer 
po ition with indicated air peed (fig. 3) can be u ed in 
determining the tabilizer setting during each maneu -
ver performed in the principal tests by reference to 
the indicated air speed at which the maneuver wa 
performed. In a similar manner the curves in figure 4 
indicate the initial angle of attack and propeller peed 
in each maneuver. Th effective thrust coefficient 
shown in figure 5 were u ed in a manner previously 
de cribed for the calculation of forces during teady 
turn and in determining tbe lift, drag, and hoI' epower 
curve hown infigures 6 and 7. Attention i 
called to the fact that the lif t and drag characteri tics 
pertain to the power-on condition rather than the 
power-off condition a would be obtained in glide te ts . 
The line of constant angle of attack on the horse-
power curve are utilized in calculation described later 
regarding the minimum radiu of turn. 
Sl GLE-CONT ROL MANE VERS 
Elevator maneuvers ,- The data obtained in abrupt 
pull-ups are hown in figur , 9, andlO where maxi-
mum normal acceleration, maximum pitching veloci ty, 
and ma},:imum pitching acceleration are plotted again t 
initial indicated air speed. Noteworthy features of 
the re uIt for full elevator movement are that the 
values for normal accelerations are not proportional 
to the second power of the velocity , that the curves of 
maximum pitching velocity fl atten at high speed, 
and that the fl attening i different for the two 
pilot. These peculiaritie are attribu ted chiefly to 
the large force required to operate the elevator. A 
tudy of the records obtained in the e pull-ups how 
that the time required to operate the elevators increa ed 
with peed and was uch as to permit a con iderable 
decrea e in air peed during the period required to 
operate the elevators. The decrease in air speed 
permitted the maximum normal acceleration to attain 
smaller values than would have occurred if the change 
in angle of attack could have been accompli hed 
rapidly. In this connection it should be mentioned 
that in the te t reported in reference I and 2 the 
normal accelerations were found to vary as the 
second power of the ini tial air speed. The lifference 
in the curve of maAimum pitchino- veloci ty attained 
by the two pilot i attributed to the fact that Pilot A 
did not actually attain the nominal full elevator move-
ment at high peed and utilized rather more time 
during the latter tage of the elevator movement than 
did Pilo t B. Di!i."erences in pilotino- are also re£lected in 
the dift'erence between the Cllrves of maJo..imum pitching 
ILccelera tions for the same nomina l con trol movemen t. 
The average effect of elevator movement on maxi-
mum pitching velocity and acceleration i shown in 
figure 11 for three indicated air peed. The e curves 
I 
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were obtained from the average curves of the preced-
ing figures. The slopes of these curves how that in-
creasmg the elevator movemen t would increa e the 
elevator effectiveness during the initial tage of the 
rotation, but that the final rate of rotation would not 
be appreciably increased. 
Aileron maneuvers .- The data obtained in the tests 
involving abrupt aileron movements are shown in 
FIGURE 8.-M ax im um values of normal acceleration, pitching velocity, and pitchin g 
acceleration [or abrupt pull·ups wi th 30.3° (full) elevator movement (OSU-t air-
plane) . 
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F IGURE g.- M aximum values of normal acceleration, pitching velocity, an d pitching 
acceleration for abrupt pull-ups with 22.6° eleva tor movement (OSU-l airplane) . 
figure 12, 13, and 14 where maximuill rolling veloci ty 
and acceleration are plotted again t indicated air 
peed. The difference between the maximum roBing 
acceleration at aine I by the two p.ilots with full aile-
ron movement indicate that Pilot A exer ted a greater 
stick force and thereby moved the aileron with grea tel' 
rapidi ty than did Pilot B . As this difference eA.] ts in 
spite of repeated at tempts by Pilo t B to obtain values 
equaling those obtained by Pilot A, the value ob-
tained by Pilot A should probably be regarded as 
exceptional. Thus, as in the case of the elevator 
maneuvers, the force required to operate the controls 
apparently had some influ ence on the maneuver. I n 
this case, however, the maximum angular velocities 
1-.0<-
),c-
-
i--r"" 
t--- f---ox -
t--
o Pdo ! A 
x " B 
-- Average 
\..l>-:: b t2 
~ ~ ~ x-~ x:..-
:j ~ P F-
-
~ ~r: - --V /.-x o~ j..--- x-
-
- x 
x_ 
80 90 100 110 120 
Indicate d air sp eed, m. p . h. 
o 
I!J 
~ \r) 
§ 
1. 4 -0 
e 
1.2:;., 
1.0] 
Qj 
.8~ 
OJ 
5 ·\; 
'.c 
130 
,g 
Q 
~ ~ 
FJGURE 10.- M aximum values of normal acceleration, pi tching velocity, aud pitch-
ing acceleration for abru pt p ull-ups with 18.0° elevator movement (OSU-t air-
plane). 
-: 5 
I!J 
~ "" 4 O~ 
OJ~3 
.!; \r) 
.cc 
.}:l.Q2 
'0. 11 )( l I 
~ 0 
o ~/.5 
~/. 4 
~ 0 / .2 
l 
:f:,1.O 
'g .8 
Qj 
~ .5 
OJ 
.\; 4 
.c . 
~ Q .2 
t--- --;;~ 20 m p . h. fJ~O mp.h. 
t---;; SO m.p. h. 
120 mp. h. 
, 
1--~ 
10Q 1.- l--~ I-1--I--
~ 
'-_80 
120 mp. h.\ 
,: 
V V I--
./ 
/ V 
----
I--
100 -/ 
./ 
/' 
A- 80 
Neulral p osition wilh 
resp ect 10 s tabiliz er 
~ ~O 0 5 m 5 ~ 3 ~ 
Elevator movement referred to thrust ax is, degrees Up 
~ I I I I I I I I I 
FIGURE ll .-Variation of m aximum pitching velocity and IDa,imum pitching ac-
celeration with elevator movemen t (OSU-l airplane) . 
show no consistent difference . As the period during 
which the high acceleration acts i very shor t the large 
stick force in thi case apparen tly has no appreciable 
influence on the pilot's ability Lo roll the airplane. 
The large force required may be importan t, however, 
in complicated ma neuvers wbere the pilot is unable 
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to concentrate his energy on the operation of the 
ailerons. 
The curves in figure 15 show maximum rolling veloc-
ity and acceleration against aileron movement . The 
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values of acceleration for full movement were taken 
from the results obtained by Pilo t B, as tho e obtained 
by Pilot A are considered to be excep tional. The posi-
tive slope of all the curves in this figure indicates that 
the effectivene of the aileron will be increased by 
increasing the movement. 
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Rudder maneuvers. 11axim um value of transverse 
acceleration, yawing velocity, and yawing acceleration 
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obtained in the maneuvers involving the abrupt use 
of the rudder are hown in figures 16, 17, and 1 . In 
contrast to the results obtained with the two other 
controls, there is no evidence of a consistent difference 
due to difference in piloting. The curves of figure 19 
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yaw ing acceleration for abrupt rudd er movement, r ight 13.9° (OS U-l airplane) . 
showing the variation of maximum yawing veloci ty 
and acceleration with control movement indicate a 
practically constant increase of rudder effectiveness 
with increased movement. 
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Special slow rolls.- These man euvers have been 
regarded as a good indication of the control effective-
ness. It wa conclud d, however, that the perform-
ance of these maneuver i so clo ely related to the 
pilot's skill that the re ults are of small value wh ere 
quantitative data are required. T Ile 1'e ult ob tained 
in one of the e maneuver arc shown in fi gm c 20. 
T hese results illustrate the most nearly succe fLil at-
tempt to produce rotation olely about the X axi . 
Turns of 1800 .- The results for the 1800 turns are 
shown principally in table 1. Time hi tories of data 
obtained in each type of turn are given in figures 21 
to 25, inclusive. The data shown in these figures are 
representative of each type of maneuver. T able I 
gives a complete summary of significant quantitie 
determined in these maneuvers. The flight-path 
dimensions given in this table apply to the projection 
of the flight path in either a vertical or horizontal 
plane. The wing-over is regarded as a horizontal-
plane maneuver in which there is no resultant change 
of altitude. D ata from the horizontal-plane maneu-
vers in which the airplane did not return to approxi-
mately the initial al titude were excluded. The Immel-
man turn, the half kick roll- half loop, and the half 
aileron roll- half loop are regarded as vertical-plane 
maneuvers although the actual motion was not strictly 
limited to a ver tical plane. The maneuvers were 
regarded as complete when the tarting point had 
been passed after reversing the direction of fligh t. 
In several cases the flight-path records were termi-
nated slightly before completion of maneuvers. The 
extrapolation of the flight paths to determin e the time 
required for completion in those case results in no 
appreciable error. 
The relative merits of the various maneuver can 
be judged by a comparison of the data given in table 1. 
Owing to the violence of the half kick roll-half loop, 
this maneuver was not performed at speeds greater 
than 102 miles per hour, but for the range of peed in 
which it was performed it required the least tinl e for 
completion, the time being about 10 seconds. Th e 
time required to complete the horizontal turns de-
creased rapidly with increa ed speed until a t 123 
miles pel' hour, the time required was only 8.3 seconds. 
The wing-over turns required the greatest time for 
completion, the time being about 21 seconds at all 
speeds. The lea t horizontal displacement required 
for tuming was about 500 feet and occurred in the 
half kick roll- half loop at 84 miles per hour and the 
horizontal turn at 123 miles per hour. The greatest 
horizontal displacement required was 1,390 feet and 
occurred in the half aileron roll-half loop at 117 
miles per hour. As previously noted, the Immelman 
turn was performed with a slight initial dive to gain 
speed for the performance of the maneuver. The 
speeds that have been tabulated for the above ca es 
are indicated air speeds and are about 4 percent less 
than the true air speeds. 
Steady horizontal turns .- The results of the test 
to determine the minimum radius of steady horizontal 
turn are shown in figure 26. Experimental points 
obtained from the same tests by two methods of cal-
culation are given. The mo t direct method involved 
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only the recorded airspeed and acceleration, from which 
the radii were calculated by means of the equation 
where r is the radius of turn 
aR , the resultant acceleromet r reading 
V, the true air speed. 
(7) 
The results obtained by this method were erratic, pos-
sibly becau e the airplane was traveling in its own wake. 
For the second method the data required from the 
steady turns were air speed and corresponding engine 
speed. The thrust wa calculated by means of these 
flight data and. the thrust curve of figure 5. The angle 
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F ,GURE 24.-HaJl kick roll-half loop (OSU-! airplane). 
of attack and corresponding lift coefficient were then 
found by utilizing first and second approximate solu-
tions of equation (2) and the curves of figure 6. The 
resultant acceleration wa calculated by means of the 
expression 
( ) 
and r wa found from equation (7). The values ob-
tained by this method lie clo e to a smooth curve that 
repr sents fairly well an average of the point obtn.ined 
by the previous method. This curve shows the mini-
mum radius of turn to be 322 feet at 74 miles per hour. 
The usual method of calculating minimum radiu of 
turn where flight data are not available is to use curve 
of horsepower available and required. (See reference 
, p. 217.) This method utilizes the expression 
V2 
r = ~) g tan e 
where e is the angle of bank, given by the expression 
e = cos-{r;;y (10) 
and V dV is the ratio of the peed in levelilight to the 
peed in a steady turn at the same angle of attack. 
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FIGURE 25.-I=elman t urn (OSU,! airplane). 
Radii calculated by this method using the horsepower 
curves of figure 7 are shown by the broken curve in 
figure 26. The corresponding values of V and VI are 
found from the curves of horsepower req uired and 
horsepower available by having these curves inter-
sected by other curves representing the variation of 
horsepower required with speed at constant angle 
of attack, that is, at constant drag coeffici nt. uch 
curves for various angles of attack are shown by 
dotted lines in figure 7. The re t.uts obtained by th is 
method give a minimum radius of 295 fe t, which is 
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abouL percent less than the probably more nearly 
correct value shown by the previous curve and which 
lies within the region covered by the cattered points 
obtained by the mo t direct method . Consideration 
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of the change of hoI' epower required and hoI' epower 
available with altitude indicate that the minimum 
radius at sea level would be about 1 percent Ie than 
the value at 3,000 feet. 
SUMMARY OF RESULTS 
With full elevator movement (up 30 .3°) maximum 
angular velocities in pitch as obtained by either pilot 
varied from 0.98 radian per second at 75 miles per hoUl' 
to 1.61 radians per second at 122 miles per hoUl'. 
These values agree closely with the data obtained with 
the FBe-1t airplane. Con iderable time was required 
to move the elevator at high speed, apparently becau e 
of the large force required, so that there was a con-
siderable decrease in speed before the angle of attack 
for maximum lift was attained. 0 appreciable 
increase in pitching velocities would have been attained 
by increasing the allowable elevator movement above 
30.3°. 
With the full aileron movement Oeft aileron down 
13.0°, right aileron up 18.5°) the maximum rolling 
velocities varied from 0.53 radian per second at 71 
miles per hoUl' to 0.70 radian per second at 97 miles 
pel' hoUl'. At the same indicated air speeds with the 
F6e-1t airplane the maximum rolling velocities attained 
were 0.61 and 0.75 radian per second, respectively, 
but at 140 miles per hoUl' the F6e-1t airplane attained 
a rolling velocity of 0.90 radian per second. lthough 
the large force required to operate the ailerons ap-
parently affected the maximum rolling accelerations 
as attained by the two pilots, maximum angular 
velocities were not afi"ected. An increase in the 
allowable aileron movement above 13.0° would have 
increased the maximum rolling velocity attainable. 
With full rudder movement (right 27 .0°) maximum 
yawing velocities varied from 0.46 radian per second 
at 64 miles per hour to 0.90 radian per second at 127 
miles per hour. At corresponding speeds with the 
F6e-1t airplane the values obtained were about 0.10 
radian per second greater than those obtained with the 
03 U-1 airplane. 0 effect of the force required to 
operate the rudder was indicated in either the angular 
acceleration or angular velocity attained. The vari-
ation of angular velocity with control movement 
indicated that greater angular velocity would have 
been attained with an increase in the allowable rudder 
movement. 
In the 180° turns the half kick roll- half loop in 
general required the least time (about 10 seconds) for 
completion. The violence of this maneuver excluded 
it from test at speeds greater than about 100 miles per 
hoUl'. At full speed the horizontal tUl'ns required the 
lea t time for completion (about second ). Wing-
over tums required the greate t time for completion 
(about 21 seconds at all speed). An Immehnan turn 
wa performed in which the altitude gained was 430 
feet and the time required for completion was 17 
seconds. In this particular maneuver, however, 
sufficient momentum was acquired by diving slightly 
at the start. imilar maneuvers were made with the 
F6e-1t airplane at generally higher speeds and in 
generally less time than was required for the 03U-1 
airplane. An exception is noted in the case of the 
horizontal tUl'ns, however, in which the F6e-It, with 
an initial speed of 128 miles per hoUl', required about 9 
seconds and a horizontal displacement of 565 feet, 
and the 03U-1, with an initial speed of 123 miles per 
hoUl', required about 8 seconds and a horizontal dis-
placement of 490 feet . The one maneuver of this cla s 
that provides the most definite indication of superior 
maneuverability of the F6e-1t airplane over the 03U-1 
airplane is the Immelman tUl'n. With the F6e-1t 
airplane this maneuver wa performed without diving 
at the start, required 11 seconds for completion, and 
resulted in a gain of 550 feet of altitude. 
The minimum radius of tUl'n at an altitude of 3,000 
feet was found to be 322 feet at a true air speed of 74 
miles per hoUl'. The minimum radius calculated 
from horsepower CUl've was 8 percent Ie than that 
value. The estimated minimum radius at sea level 
is 265 feet. The minimum radii for the FBO-3 and 
F6e-1t airplanes were 155 feet at 76 miles per hour 
and 135 feet at 62 miles per hour, respectively, for an 
altitude of about 2,500 feet, which i sufficiently close 
to 3,000 feet to make the te t re ults comparable. 
The tests with the 03U-1 airplane complete the 
con templated series of inve tigations. Oonsideration 
is now being given to the problem of developing a 
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suitable criterion or method for rating airplanes 
according to their ability to maneuver. The results 
of this study will be reported at a later date. An 
important factor to be considered is that the method 
of rating should be based on items that are independent 
of the personal characteristics of a particular pilot, 
and that, a far as is possible, can be determined 
readily. Maximum speed, control effectiveness as 
shown by the results of abrupt single-control man-
euvers, and minimum radius of steady horizontal tUTn 
are regarded as items of particular importance. The 
fact that the excess energy required for maneuvering 
is largely acquired through loss of speed suggests the 
possibility that the maximum kinetic energy that an 
airplane can surrender without varying the speed 
beyond the range of normal level-ilight speeds may 
prove to be a particularly useful and convenient 
item. 
LANGLEY iEMORIAL AERONAUTICAL L ABORATORY, 
ATIONAL ADVISORY COMMITTEE F OR A ERO AUTICS, 
LA GLEY FIELD, VA., J anuary 19, 1933. 
APPENDIX 
S PECIFICATIO S 01' " 0 3U-1" AlRPLA E · 
Type__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Tractor biplane, landplane. 
Engine __ __ _______ __ ________ Pratt and Whitney, R-1340-C. 
HorsepoweL ___ ___ ___ ___ ____ 450 at 2,100 r .p .m . 
Fuliload ____________________ 4,057 lb. 
Weight per square fooL _____ _ 12.5 lb . 
Weight per horsepower _____ __ 9.02 lb. 
Maximum speed _________ ____ 13 m.p .h.b 
• From Table oC Characteristics, Weights, and Perrormance or u.s. Navy Obser-
vation and Training Planes. Burean or Aeronautics, Navy Denartment, January 
1931. 
b Maximnm speed as fl own during tests, 132 m.p.b . 
ervice ceiling ___ ___________ _ 
Wing area including ailerons __ _ 
Aileron area ___ ___ ____ ___ ___ _ 
tabilizer area ________ __ ____ _ 
Elevator area _________ ____ __ _ 
Fin area ____ _________ _____ _ _ 
Rudder area ________________ _ 
Airfoil section ____ ___ _______ _ 
Wing span _________________ _ 
Length __ __ _______ _________ _ 
H eight ___________ _________ _ 
Gap __________ __________ ___ _ 
Chord ___________ __________ _ 
Angle of incidence ___ _____ __ _ 
Stagger _______ __ ____ _____ __ _ 
Dihedral _______ ____________ _ 
SweepbacL ________________ _ 
Distance back from leading 
edge lower wing to c.g _____ _ 
16,300 fL. 
325.6 sq . f t. 
32.6 sq. ft. 
23.6 sq . ft. 
18.5 sq . f t. 
4.4 sq. ft. 
14.1 q . ft _ 
pper N-22, lower G-39 
36 ft . 
26 ft. % in. 
10 ft. in. 
5 ft . 5 in. 
Upper 5 ft. 5 in ., lower 4 ft. 
9 in. 
0°. 
17.5 in. 
Upper 2°, lower 1.75°. 
4.75°. 
16.27 in. 
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TABLE I 
UMMARY OF IGNIFICANT QUA TITlE MEA UR E D I VARIOUS MA EUVER WITH 
THE "03U-I" AIRPLANE 
Maneuver 
'Ying-over turn _____________________ 
IIorizontal turn ________ .. _______ ____ 
ilalr aileron roll- haIr loop __ __ _____ _ 
HaIr kick roll-haH loop _____ ___ ____ 
Immelmnn tnrn ___ ____ ___ _______ ___ 
I 
Indicated air 
speed, m.p .h. 
I 
Start End 
--
84 94 
100 108 
116 111 
84 79 
100 87 
115 93 
123 99 
84 109 
99 119 
117 
122 141 
84 108 
102 112 
132 104 
I Elevator up, +. 
Alti tude, reet I . I . Maximum angular \"eloc- Maximum control movement, Wes, radians/second degrees 
Longi- TUDe Maxl- I---~-~- __ 1 ___ --. ___ .--___ 1 
. tudinal to com-. mum 
MaxI- displace- plete normal 
mum Result- ment maneu- ac~eler-
varia- an t r' ver, atlOD, 
tion (+)gaio, eet seconds U X axis Yaxis Z axi 
(+)ga in, (-) loss 
Elevator' Aileron' Rudder ' 
(-) loss 
--- --- -------------
~ - ---- - -- --------- 9 0 21.0 2. 20 0.17 0.34 0.36 12 -6 7, -5 
--------- -.--.-.- -
1,025 20.8 2.25 . 15 . 32 .38 9 2, -4 10,-4 
-- -- ----- --------. 970 20.5 2.10 . 41 .25 -.22 7 2, -6 6, -4 
-- -- ----- ---------
20 19.5 1. 55 .24 .29 .18 10 4, -7 9 
-- -- --- -- ------- --
900 17.5 2.00 .27 .41 . 12 13 2, -7 8, -3 
----- - --- --- --- ---
670 11. 6 2.60 .42 .57 .16 16 5, -1J 1J,-3 
---- - ---- ----- ----
400 8.3 3.00 . 44 .58 .22 16 7, -6 13, - 4 
-630 -600 750 15. 0 3.64 -.73 .69 -.73 -12,11 - 14,5 3, -10 
-680 -675 1,050 16.0 4.20 - . 66 .72 - . 64 -11,11 -12,2 10, - 7 
-660 -470 1, 390 18.0 4.25 -.56 . 66 -.29 -15,4 -8,4 8 
-500 -340 1,290 16.7 4.10 - . 62 .63 -7,14 -15 , -7 
-665 - 575 495 10.2 3.10 1.50 .66 31. 5 7, -4 31, -16 
-560 -440 570 10.2 3.80 1. .77 .82 28.5 11,-6 27, - 19 
550 430 830 17.0 2.70 -.66 .39 9,- -20 -31 
2 Lert nileron down, +. , Hudder right, + . 
u. s. GOVER NMENT PR INTI NG OFFICE : 1933 
y 
Positive directions of axes and angles (forces and moments) are shown by arlOWS 
I Axis Moment about axis Angle Velocities 
Force 
(parallel 
Sym- to axis) Sym-Designation bol symbol Designation bol 
LongitudinaL __ X X rolling _____ L LateraL _______ Y Y pitching ____ M 
i -ormaL ______ Z Z yawing _____ N 
Absolute coefficients of moment 
L M N 
01 = qbS Om = qcS On = qbS 
Linear 
Positive Designa- Sym- (compo-
direction tion bol nentalong Angular 
axis) 
Y----+ Z roll ______ 
'" 
u p 
Z----+ X pitch _____ 8 v q 
X----+ Y ya\\' _____ 
'" 
w T 
Angle of set of control surface (relative to neu-
tral position), o. (Indicate surface by proper 
subscript.) 
4. PROPELLER SYMBOLS 
D, Diameter. 
p, Geometric pitch. 
plD, Pitch ratio. 
F', 
1 '., 
Inflow velocity. 
Slipstream velocity. 
T , Thrust, absolute coefficient OT= pn;D4 
Q, Torque, absolute coefficient OCJ=-9n.~ pn l.r 
P, Power, absolute coefficient Op= pnfV' 
-VPV6 0 8 , Speed power coefficient= Pn~' 
1], Efficiency. 
n, Revolutions per econd, r. p. s. 
<t>, Effective heLx angle=tan 1(2:') 
5. NUMERICAL RELATIONS 
1 hp. = 76.04 kg/m/s = 550 lb ./ft./sec. 
1 kg/m/s =0.01315 hp. 
I mi.fb.r. = 0.44704 m/s 
\ m/s = 2.23693 mi.jb.r. 
1 lb. =0.4.535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m=3.2808333 ft. 
